Abstract: Determining the factors involved in the non-native perception of the pitch patterns of tones is complicated by the fact that all languages use pitch to various extents, whether linguistic (e.g., intonation) or non-linguistic (e.g., singing). Moreover, many languages use pitch to distinguish lexical items with varying degrees of functional load and differences in inventory of such pitch patterns. The current study attempts to understand what factors determine accurate naïve (= non-learner) perception of non-native tones, in order to establish the baseline for acquisition of a tonal L2. We examine the perception of Thai tones (i.e., three level tones, two contour tones) by speakers of languages on a spectrum of lexically contrastive pitch usage: Mandarin (lexical tone), Japanese (lexical pitch accent), English (lexical stress), and Korean (no lexically contrastive pitch). Results suggest that the importance of lexically contrastive pitch in the L1 influences non-native tone perception so that not all non-tonal language speakers possess the same level of tonal sensitivity, resulting in a hierarchy of perceptual accuracy. Referencing the Feature Hypothesis (McAllister et al. 2002) , we propose the Functional Pitch Hypothesis to model our findings: the degree to which linguistic pitch differentiates lexical items in the L1 shapes the naïve perception of a non-native lexically contrastive pitch system, e.g., tones.
Introduction
Many languages, including Thai and Mandarin Chinese, use tone to distinguish words. Tones consist of variations of the fundamental frequency (F 0 ), amplitude, and/or voice quality attached to each syllable at the suprasegmental level. Because tones serve to signal lexical contrast, they are phonemic in the same way as vowels and consonants (e.g., Lehiste 1970: 92; Van Lancker and Fromkin 1973; Abramson 1975; Wang et al. 2001) , and are processed accordingly by speakers of Thai or Mandarin. They also constrain lexical access, as shown for Mandarin speakers by Lee (2007) . Cross-linguistically, listeners whose native language (L1) is not a tonal language have been shown to process tones in a nonlinguistic manner, or at least not in terms of linguistic categories (Gandour and Harshman 1978; Hallé et al. 2004 for French listeners; Wang et al. 2004, among others) . Wang, Jongman, and Sereno (2001) show that American English listeners process tones mainly in the right hemisphere, whereas native speakers use their left hemisphere more, supporting the linguistic-nonlinguistic processing difference. Hallé et al. (2004) report that while Mandarin listeners process native tones in a categorical manner, French listeners do not, even though they are able to perceive acoustic differences between them. French is a non-stress language which does not exploit F 0 variations at the lexical level. As a result, French listeners display a low sensitivity to syllable-level prosodic variations involving F 0 contours (Dupoux et al. 1997; Hallé et al. 2004; Dupoux et al. 2008) . In other words, they are less well equipped to perceive F 0 distinctions at the word level, and may experience difficulties in discriminating, identifying, and acquiring Mandarin or Thai tonal distinctions. In contrast, previous linguistic experience with tones appears to facilitate perception of unfamiliar tones in a different language (Wayland and Guion 2003) .
One question of interest examined in this study is whether speakers of nontonal languages in general would experience the same difficulties as French speakers in perceiving tones. By and large, studies examining tone perception by speakers of various L1 backgrounds show that speakers of non-tonal languages perform less accurately than speakers of tonal languages on tone discrimination or identification tasks (Gandour 1983; Burnham et al. 1996; Wayland and Guion 2004; Wang et al. 2006; Francis et al. 2008 ; but see Hao 2012 for diverging findings). Similarly, Wayland and Guion (2003) show that perceptual discrimination of Thai lexical tone contrasts is challenging for non-tonal (American English) speakers, and is resistant to training, whereas Mandarin Chinese speakers improved after training. In addition, Wayland and Guion (2004) show that American English learners of Thai outperform naïve listeners, even though their performance remains significantly lower than native Thai listeners.
Variations in F 0 appear to be the main acoustic cue to identify tone in languages such as Thai (Gandour 1983) . However, languages use F 0 variations to different degrees and with dissimilar functions. Word stress or pitch-accent languages, for instance, also use variations in F 0 (Pike 1948; Fry 1958 ) to distinguish words, even though they contrast lexical items using overall fewer F 0 patterns, 1 with a larger domain, and where pitch patterns spread over an entire word or multiple syllables. Not all languages express information structure (e.g., focus) through prosody. Spanish is an example, where focus or new/given distinctions are encoded through word order, and pitch accents are not dependent on such distinctions. The picture that emerges from studies of tone perception suggests that not all non-tonal speakers are equally ill-prepared to categorize or identify unfamiliar tones, perhaps as a result of the use of linguistic pitch in their respective L1s. The present study examines this hypothesis by testing the perception of Thai tones by four groups of listeners whose L1 differs in terms of the lexical use of linguistic pitch: Mandarin (lexical tone), Japanese (lexical pitch accent), English (lexical stress), and Korean (no lexically contrastive pitch). We now review in more detail how pitch is used in each of the three nontonal languages relevant for this study: Japanese, English, and Korean.
A pitch-accent language like Japanese uses pitch to distinguish words, but not to the same extent and manner as tone languages do. In Japanese, one mora of each lexically accented word receives a high pitch (i.e., the 'word accent') before a fall, which in part determines the pitch on all other moras of the word (Kubozono 1999) . As such, the pitch pattern of a word is predictable if the position of the word accent is known (Tsujimura 2006: 74) and therefore is considered lexical information needed to learn a word. One example is /ka.ki.ga/ which can mean 'oyster' (HLL or initial-accented), 'fence' (LHL or final-accented), or 'persimmon' (LHH 2 or unaccented), where ga is a particle indicating the nominative case. Thus, pitch-accent languages resemble tone languages as they employ pitch to contrast words, but with less diversity in pitch movements. In addition, there are overall fewer minimal pairs in pitch-accent languages compared to tone languages (According to Pierrehumbert and Beckman [1988] , approximately 20% of word pairs contrast for pitch accent in Japanese; see also Wu et al. [2012] .)
In a stress language such as English, pitch can be used to distinguish meaning or mark which syllable receives stress. Next to a F 0 turning point (high or low), the stressed syllable generally features greater intensity, lengthened vowels, and unreduced vowel quality (Fry 1958) . A typical contrast of stress in English would be the noun INsert and the verb inSERT, where capitalization indicates the stressed syllable. English and Japanese differ in one major point, however. In English, unlike Japanese, F 0 variations are rarely the only cue to lexical contrast (Cutler 1986) , and vowel reduction in unstressed syllables has been shown to be used by listeners to identify the location of stress among native speakers (Kochanski et al. 2005) and to recognize words as much as, if not more than, F 0 variations (Zhang and Francis 2010) . Japanese, on the other hand, differs from English mainly because variations in pitch are not accompanied by segmental changes. For speakers of a pitch-accent variety of Japanese, F 0 differences clearly constrain lexical access (Otake and Cutler 1999) , indicating that listeners are able to use this F 0 information at the lexical level during on-line spoken word recognition.
However, speakers of English or Japanese may be able to exploit the usealbeit limited -their language makes of F 0 contours for lexical contrasts to discriminate tonal contrasts. Burnham et al. (1996) report that speakers of Swedish, another pitch-accent language, exhibit accuracy rates and reaction times comparable to those of Cantonese speakers in a tone discrimination task involving Thai tones. So and Best (2010) show that Japanese listeners perform similarly to Cantonese listeners in most tonal comparisons, and English listeners identified 3 out of 4 tones better than chance after a brief training. Importantly, however, the exact type of tonal contrasts examined can influence performance. As pointed out by Braun and Johnson (2011) , it is important to examine specific tonal comparisons with regard to the function played by pitch in the respective L1 (see also Hao 2012) . Cooper, Cutler, and Wales (2002) demonstrate that English native listeners are also able -to a limited extent -to exploit lexical stress information for lexical recognition, but do so more effectively in two-syllable words than in monosyllabic words. Indeed, not all F 0 differences are processed successfully by English listeners. In the case of tone processing, Lee and Nusbaum (1993) report that English speakers process suprasegmental information in a way similar to Mandarin speakers, but only for dynamic (contour) F 0 variations, and not for constant level pitches (see also Wood 1974; Repp and Lin 1990) . The authors hypothesize that this difference is due to the fact that in English dynamic F 0 variations (e.g., final rise for questions) also convey linguistic and paralinguistic information, whereas level pitch variations do not. Braun and Johnson (2011) add empirical support to this hypothesis, finding that the processing of pitch information is guided by linguistic function: in an ABX non-word classification task with disyllabic stimuli, Dutch listeners attend to F 0 information when these correspond to contours having linguistic meaning in Dutch (e.g., question intonation).
Finally, some languages do not use F 0 variations to distinguish words. We will refer to these languages as non-lexical pitch languages, highlighting the fact that even though they use pitch and the associated features of duration and intensity mostly to distinguish discourse meaning, pitch variations are not used contrastively at the level of words to distinguish lexical meaning. They are used at the level of the phrase. Such languages include standard Korean (Kim-Renaud 2009: 22) or Parisian French. As discussed above, speakers of French do not perceive tonal contrasts categorically. The fact that F 0 is never used to carry lexical information in these languages might prevent speakers of these languages from reliably distinguishing monosyllables that differ in F 0 only. In sum, languages differ in the degree to which linguistic pitch differentiates lexical items.
In addition to considerations of the functionality of F 0 in L1, research shows that perception of tonal contrasts might also be influenced by the specific tone comparisons examined. For example, Gandour demonstrates that listeners from different L1s may vary in that respect. Using multidimensional scaling, Gandour (1983) shows that the two main tonal features used in tone identification are pitch height and pitch direction: listeners from four tonal and one non-tonal language backgrounds (Cantonese, Mandarin, Taiwanese, Thai, and English) weighted pitch height more than pitch direction to judge tone dissimilarity. Only one group (Thai) used both to almost the same extent. However, the prevalence of pitch height over direction Gandour observed may be related to the use of monosyllabic stimuli -at least in the case of English listeners. Indeed, Braun and Johnson (2011) suggest that contours that broadly mirror intonational patterns in the L1 might be perceived with more success when the stimulus is two or more syllables long. This might also allow speakers of non-lexical pitch languages to make tonal distinctions for specific dynamic (contour) F 0 patterns (see also Lee and Nusbaum 1993) . However, Braun and Johnson's (2011) results do not settle the issue, since Dutch is also a stress language, and has little vowel reduction. Speakers of languages that use F 0 for lexical contrast (even in a limited number of words) appear more sensitive to F 0 variations (at least at the level of words). This may be why Dutch listeners were more sensitive to pitch variations (see also Cooper et al. [2002] for supporting evidence) than speakers of a non-lexical pitch language would have been.
In sum, it appears that a combination of L1 influence (the functionality of pitch variations to signal lexical contrast in the L1) and task variables (specific tonal comparisons made) determine tone discrimination or identification performance across languages. The goal of the present study is to contribute to a more consistent understanding of tone perception by comparing speakers of languages that differ with respect to the extent to which they exploit F 0 variations to make lexical distinctions. In this study, we tested speakers of Mandarin (a tone language), Japanese 3 (a pitch-accent language), English (a word-stress language), and Korean 4 (a non-lexical pitch language) on their perception of Thai tones.
The current study
We examine whether the use of pitch in the L1 to signal lexical contrast aids in the perception of non-native Thai tone, resulting in a linguistic hierarchy of perceptual accuracy. We further compare perceptual accuracy across tone pairs, to potentially elucidate whether listeners are able to use the phonetic dimensions of pitch height, direction, or both. We tested speakers from various L1s on their perception of Thai tones in an AXB categorization task, using monosyllabic stimuli. Thai was chosen over Mandarin because it is described (Abramson 1975) as having three level and two contour tones, although phonetically the 'high level' tone is not level but raises in parallel to the raising tone (Morén and Zsiga 2006;  see Figure 1 ).
The L1s of the targeted participants utilize lexically contrastive pitch to varying degrees -Mandarin Chinese (tone), standard Japanese (pitch accent), English (word stress), and standard Korean (no lexically contrastive pitch).
Predictions for tonal categorization
As discussed above, tone-language speakers (Mandarin) are expected to successfully discriminate syllable-level F 0 variations, as a result of the use of F 0 to contrast lexical items in their L1. This is especially noteworthy as while modern Mandarin is considered a polysyllabic language (Li and Thompson 1981; DeFrancis 1984) , it still possesses a large number of monosyllabic words. We expect Mandarin speakers' sensitivity to F 0 differences to be the highest.
Similar hypotheses based on the functional use of pitch in different languages are found in Van Lancker (1980) , in which she relates functional use of pitch contrasts to the size of linguistic domains. As shown in Figure 2 , both Thai and Mandarin Chinese use pitch contrasts most systematically, and contrasts are made on the smallest domain, i.e., the syllable. Speakers of these languages are expected to be highly accurate in discriminating syllable-level tonal contrasts.
Following this scale, Japanese and English speakers are expected to display some sensitivity to F 0 variations. This sensitivity may be attenuated by the fact that F 0 is used to make lexical contrasts, but not at the single syllable level. On the other hand, it is possible that they may still display this sensitivity for monosyllabic stimuli. Korean speakers are expected to have the lowest sensitivity to syllable-level F 0 variations because their L1 does not use contrastive pitch for lexical distinctions. To summarize, if the lexical use of F 0 in the L1 determines heightened sensitivity for syllable-level F 0 variations, the following hierarchy of performance is predicted in terms of both accuracy and reaction times (highest/fastest to lowest/ slowest): L1 Mandarin > L1 Japanese = L1 English > L1 Korean. Alternatively, English and Japanese differ on one crucial aspect. In Japanese, we consider pitch contrasts to have a slightly higher functionality than in English. If the fact that lexical contrast can be exclusively signaled by F 0 is the determining factor for performance, then English listeners should perform with an accuracy falling in between Japanese and Korean, since in English, F 0 is rarely used alone to distinguish words. This prediction follows from findings that stress does not strongly constrain lexical access in English (Cooper et al. 2002) . As such, it is also possible that English speakers' accuracy will resemble that of Korean speakers. The respective functionality of pitch we assigned to each language type is summarized in Table 1 .
Predictions for specific tonal comparisons
For the five Thai tones, there are 10 possible comparisons of tonal pairs: three subconditions compare tones described as 'level': Low-Mid, Low-High, Mid-High; one subcondition compares the Falling-Rising tones; and six subconditions for the remaining comparisons: Low-Rising, Low-Falling, Mid-Rising, Mid-Falling, High-Rising, and High-Falling. While it is difficult to generate exact predictions for each of the 10 comparisons, we expect that, overall, comparisons of pitch height might be perceptually less salient than comparisons where both height and direction vary.
Because non-native listeners cannot be expected to use phonological characteristics, they may focus more on phonetic patterns. In particular, if the 'high' tone is perceived as a raising tone, we expect a difference between Low-Mid (which we expect to be more difficult) on the one hand, and Low-High and Mid-High on the other hand. The last two are expected to be less difficult to dis- Non-lexical Low tinguish because they differ in two phonetic dimensions: height and contour. Conversely, the High-Raising pair might pose difficulty across the board because of the phonetic similarity and parallel shape of these two tones: the only difference is in the pitch height (see Figure 1 ). For Mandarin, the only group for whom phonological categories might interfere with the tonal perception, we expect that contour differences might be more salient than height differences (but see Gandour [1983] for a different prediction).
Experiment 1: Method

Participants
For this experiment, 47 participants were recruited from five language groups: Mandarin (N = 10; females = 6), Japanese (N = 12, females = 11), English (N = 13; females = 10), Korean (N = 10; females = 7) and Thai (N = 2, males = 2). The Thai speakers were recruited as a control to ensure that the stimuli and AXB task itself were valid for native speakers. The participants were primarily graduate students or former graduate students who were involved in language studies (i.e., language education, linguistics, applied linguistics) with the exception of 11 participants who were undergraduate students (N = 3) or not involved in language studies (N = 8) (i.e., Korean = 3, Japanese = 3, Mandarin = 3, English = 1, Thai = 1). Average ages ranged as follows: Japanese ( The two Thai listeners were 25 and 32 years old. The average time in an Englishspeaking country was 6.6 years for the Japanese, 4.5 years for the Koreans, 3.5 years for the Mandarin speakers, and 2 years for the Thai speakers. The English speakers had spent an average of 1.7 years abroad in a non-English-speaking environment.
Based on information collected in a background questionnaire, the participants were also comparable with respect to being L2 learners. Six Mandarin speakers also had various degrees of exposure to Taiwanese, another tonal language. Most had also been exposed to another Chinese dialect even if they did not consider themselves a fluent speaker of that dialect. The speakers of Japanese, a pitch-accent language, were recruited on the basis of speaking a dialect of Japanese which uses pitch accent, but not necessarily standard Japanese. Two speakers were from the Tochigi and Ibaraki prefectures, which are close to the Fukushima prefecture, known for its accentless dialect. The English speakers were native speakers of American English who had no proficiency in Thai, Mandarin, Japanese, Korean, or any tone or pitch-accent language, but who were not monolinguals. The Korean speakers were mainly from the Seoul area, but three were from the Kyungsang region where a pitch-accent dialect of Korean is spoken, and one speaker was from Cholla, an area abutting Kyungsang but with a dialect not featuring pitch accent (although these dialects do not correspond to their respective administrative borders; Lee and Ramsey [2000] ). None of the non-native participants knew Thai.
Data from four individuals were excluded from the final analysis because they had significant exposure to one of the other target languages in the study or differed in background from the target group. Three English speakers had exposure to Japanese or a tone language (i.e., Mandarin or Vietnamese). One female Japanese student was an ESL student with lower exposure and proficiency in English as compared to the graduate student participants. As a result, only 11 Japanese-speaking participants and 10 English-speaking participants' data were analyzed, for a total of 43 participants.
Stimuli
The test stimuli consisted of 16 open CVV syllables with a long vowel (VV). Open syllables are considered more difficult for pitch discrimination than closed syllable words (Wayland and Guion 2003) . Each syllable was recorded with each of the five different Thai tones (see Table 3 below and Figure 1 above), resulting in 80 items (41 items being real words and 39 nonwords; Thai does not feature a complete set of real words for each of the five-tone paradigms for these 16 syllables). Control stimuli were CVV and CVC syllables (all were real Thai words) composed of vowels or consonants similar to those used for the test items. The control condition also included more difficult vowels such as [ɯ] , [ε] , and [ə] . Control stimuli are stimuli that all participants should generally be able to perceive with high accuracy regardless of their L1 and thus serve as a means of comparison with the test condition (i.e., tone stimuli) to verify that participants do not have listening issues or lack an understanding of the task. Because our stimuli contain words, Thai listeners were able to approach the task using lexical knowledge for some trials. Therefore, most analyses were run excluding these listeners.
All stimuli were recorded by two native Thai speakers, one female and one male, who did not participate in the experiment. Both spoke the Central Thai dialect (i.e., standard Thai). Syllables were recorded in isolation without a carrier phrase. Each speaker recorded the 16 different test syllables three times with each tone (16 × 3 × 5 = 240). That is, the speaker was instructed to record the entire set of 16 syllables three times with the low tone, then again with the mid tone, etc., until the five tones were completed. In general, the second token of the three recordings for each syllable was selected for the task, unless the researchers felt that another token was a clearer example of the intended tone, i.e., did not contain extraneous noise, and that the tone was realized completely as decided based upon auditory and visual analysis of the sound files. Control items were only repeated twice each. The second one was chosen for the task.
The syllables were then arranged in triplets for the AXB design. The female voice was used for the A and B items while the male voice was used for the X item, which can be either of the A or of the B category. In an AXB design, four trials are needed for each comparison: AAB, ABB, BAA, BBA. For example, the two tones Low (L) and Mid (M) would be paired as LLM, LMM, MLL, and MML. If the syllable carrying such a comparison were [biː], a trial would look like the following:
Conditions
The experiment contains two conditions, test and control, with 48 trials each. In the test condition, the syllables within one triplet only differ by tone; the segmental make-up of the syllables remains the same. In the control condition, all syllables in the triplet have the same tone but vary in either one consonant or one vowel. Furthermore, within the test condition, we included the 10 possible comparisons of tone pairs: Low-Mid, Mid-High, Low-High; Falling-Rising; and Low-Rising, Low-Falling, Mid-Rising, Mid-Falling, High-Rising, and High-Falling. Clearly, the same syllable carrying all 10 comparisons (e.g., [biː]) would make the task extremely monotonous in terms of segmental content, as this would result in 40 trials (4 trials × 10 comparisons) containing the syllable [biː] being spoken with various tones. In order to reduce the monotony of the experiment and to keep it to a reasonable duration, we chose to vary the segmental embedding for the tonal contrasts across trials. For example, for the Low-Rising condition, each of the four trials (AAB, ABB, BAA, BBA) uses a different segmental frame. Every test syllable appeared three times during the experiment. In order to account for this additional variance, Item is declared as a random factor in the model, which includes intercepts. Table 2 presents an overview of the conditions used in the study. The three 'level' tone comparisons require 12 trials. The six mixed 'level' and 'direction' comparisons require 24 trials. The Falling-Raising condition normally would have required only 4 trials. However, in order to obtain a sufficient number of data points for extracting potential effects of phonological tone type (Direction), and to balance the number of trials across control and test, we created 8 additional trials for this condition (12 in total). One disadvantage of this choice is that it does not allow us to equate the number of times a given tone is heard during the experiment. As a result, the Rising and Falling tones are heard in total 24 times, whereas the other tones are heard 16 times each during the experiment. We return to this issue in the discussion.
In total, 96 trials were created (48 test and 48 control trials). All trials were randomized and put into three blocks of 32 items. A warm-up task consisted of 16 trials with feedback indicating participants' accuracy and reaction time (RT). None of these were used in the following test phase. Between each stimulus (A, X, and B), the inter-stimulus interval (ISI) was 500 ms. The experiment was timed so that after the presentation of each trial, participants had 3,000 milliseconds to make their answer, before the next trial was initiated. Reaction times were measured from the onset of the X stimulus.
Procedure
Participants were tested individually in a quiet room. On each trial, participants heard and chose whether the middle sound (i.e., X) was more similar to the first sound (i.e., A) or the third sound heard (i.e., B), by pressing two clearly identified keys on the computer keyboard. The task required 15-20 minutes in total, and was followed by a debriefing session. All procedures were performed in compliance with relevant laws and institutional guidelines, and the appropriate institutional committee(s) approved them. 
Results
Reaction times shorter or longer than two standard deviations from the RT mean of each participant, as well as reaction times lower than 300 ms, were not analyzed (5.4% of total RTs). Data for three items in the height pairs (one each for L vs. M, L vs. H, and M vs. H) and for one item in the direction pairs (R vs. F) were excluded from analysis as one Thai participant felt that the tones were not ideal models of the targeted tone. Accuracy means for individual participants and items were screened for outliers. No item or participant was excluded.
Overall performance
Because native speakers of Thai were able to approach the task with lexical knowledge, they are excluded from further analyses, but the results are shown for comparison with the non-native participants. A linear mixed-effects model was conducted in SPSS 22 on the binary accuracy and continuous reaction times data. Language (Thai, Mandarin, Japanese, English, Korean) and Condition (test, control) were declared as fixed effects. 5 Subjects and Items were entered as random effects in the model. The significance threshold was set at p = 0.05 for this and all following analyses. The parameter estimates are presented in Tables 3 and 4 . When looking at the Type III tests of fixed effects, the F-tests showed no main effect of Condition (F(1, 97.6) = 0.11, p > 0.1), a significant effect of Language (F(4, 38.1) = 5.36, p < 0.002), and a significant interaction between the two factors (F(4, 3809.1) = 17.71, p < 0.001). The same analysis without the Thai group shows the same results.
On the test condition, we observed that Mandarin participants outperformed other groups (87% accuracy), followed by Japanese participants (77%), and by English and Korean (both at 67% accuracy). Whereas accuracy of all groups was comparable on the control condition (no effect of Language on the control condition: F(3, 60.2) = 1.9, p > 0.1), there was a significant effect of Language on the test condition, as suggested by the difference in accuracy rates (F(3, 65.2) = 13.8, p < 0.001). Mandarin listeners discriminated tonal contrasts with higher accuracy 5 Another set of analyses have been conducted similarly, adding the fixed effect of Order (X = A, X = B) to the model. Order did not have any effect on accuracy rates, nor did it interact significantly with Condition and Language. For RT, Order had a significant effect (F(1, 293. 2) = 31.7, p < 0.001); RT was faster when X was the same as B (M = 1158 ms) than when it was the same as A (M = 1253 ms), but this factor did not significantly interact with Condition and Language.
than the other groups, significantly outperforming both Korean and English participants (p < 0.001) but only marginally more accurate than the Japanese group (p = 0.087). Notably, Korean and English participants were not significantly different from each other (p = 1), as is visible in Figure 3 .
Analysis of RTs was performed similarly; the data were normally distributed. A linear mixed model declaring the factors Condition (test, control) and Language (Thai, Mandarin, Japanese, English, Korean) as fixed effects, and the factors Subject and Item as random factors, was performed.
When looking at the Type III tests of fixed effects, the F-tests showed a main effect of Condition (F(1, 96.5) = 13.7, p < 0.001), a significant effect of Language (F(4, 37.9) = 4.1, p < 0.008), and a significant interaction between the two factors (F(4, 2876.5) = 5.3, p < 0.001). The same analysis without the Thai group shows that the main effect of Language disappears but the significant interaction remains (F(3, 2718.5) = 6.6, p < 0.001). The picture that emerges from the analysis of reaction times (see Figure 4) shows a similar pattern as the accuracy data. Mandarin listeners are faster than all the other non-native groups. Overall, latencies in the test condition are about 120 ms slower than on the control condition Lexical function of pitch 503 (1265 ms vs. 1141 ms). In the same way as for accuracy, the mean reaction times of all groups was comparable on the control condition (no effect of Language on the control condition: F(3, 40.2) = 1.3, p > 0.1); there was a significant effect of Language on the test condition (F(3, 41.5) = 3.0, p < 0.05). The overall accuracy pattern that emerged from these accuracy and RT data confirms in large part the predicted hierarchy. The functionality of pitch in the L1 appears to determine accuracy in a phonological discrimination task. Against our prediction, however, the data also revealed that English and Korean participants pattern identically, perhaps suggesting that F 0 information is less readily accessible for phonological discrimination in these two groups. This finding is consistent with data from Cooper, Cutler, and Wales (2002) indicating that word stress information can be used by English listeners but less effectively in monosyllables. We will return to possible reasons for the lack of difference between Koreans and English listeners in Experiment 2, where we tested monolingual Korean speakers.
Performance in specific conditions
Turning now to performance in specific conditions, we analyzed accuracy and reaction times as a function of the 10 tone conditions (within subjects) for each non-native group (between subjects: Mandarin, Japanese, English, and Korean).
A linear mixed-effects model was conducted in SPSS 22 on the binary accuracy and continuous reaction times, excluding the Thai participants. Language were declared as fixed effects. Subjects and Items were entered as random effects in the model. When looking at the Type III tests of fixed effects on accuracy, the F-tests showed a main effect of Subcondition (F(9, 34) = 3.5, p < 0.01), and a significant effect of Language (F(3, 40.9) = 7.5, p < 0.001), but no significant interaction between the two factors (F(27, 1690.1) = 1.4, p = 0.071). The same analysis on the RT showed a main effect of Subcondition (F(9, 31.3) = 2.5, p < 0.05), no main effect of Language (F(3, 38.1) = 1.9, p > 0.1) and no interaction (F(27, 1213.9) = 1.4, p = 0.076). This suggests that specific conditions differ in overall difficulty, as shown in Table 5 .
Furthermore, the lack of significant interactions indicates that the difference between groups does not vary as a function of subcondition. Figures 5a and 5b display non-native groups' accuracy and reaction times on each subcondition. As is visible, the overall hierarchy among groups holds in most subconditions. The parameter estimates for accuracy and RT are presented in Appendix B.
Discussion
This first experiment examined the effects of L1 experience on the processing of tonal contrasts by Mandarin, Japanese, English, and Korean listeners. In particular, we examined (a) to what extent the degree of pitch functionality to signal lexical contrast in the L1 aids in the non-native perception of Thai tone, and (b) whether certain tonal comparisons are easier or more difficult to differentiate for listeners.
We observed an effect of the L1 on non-native tone perception, suggesting that the functionality of linguistic pitch to signal lexical contrast in the L1 shapes the non-native perception of pitch in a gradient fashion. In an AXB task comparing tonal contrasts and segmental contrasts, we observed no effect of L1 in segmental perception (control condition), but a hierarchy in accuracy on tonal contrasts with the following pattern: L1 Mandarin > L1 Japanese > L1 English = L1 Korean. Mandarin listeners outperformed other groups (significantly more accurate than both English and Korean, but not Japanese), likely because of their use of lexically contrastive pitch at the smallest domain, therefore having the highest functionality among the four groups. Japanese listeners' accuracy was intermediate, suggesting that the use of pitch-accent contrasts in the L1 aids in non-native tone perception. Interestingly, English listeners' global performance in accuracy and in reaction times was strikingly similar to Korean listeners' performance, and was significantly different from Mandarin listeners' performance. The fact that lexical contrast can be signaled by F 0 exclusively hence appears to play an important role in determining performance in tone discrimination, as shown by the different patterns obtained by Japanese and English listeners. The fact that F 0 is rarely used alone to distinguish words in English appears to yield the same performance as if F 0 were not used at all to signal lexical contrast (English = Korean). This explanation would be consistent with findings showing that stress constrains lexical access only to a limited extent in English (Cooper et al. 2002) . However, there are other possible explanations to this effect.
Indeed, this experiment does not allow us to distinguish whether performance of the English listeners is lower than expected or the performance of the Koreans is higher than expected. It is possible that Korean listeners were equally as accurate as English because they have learned English as a second language. All our participants had learned at least one additional (non-tonal) language, including the English-speaking participants. It is possible that if Korean listeners have acquired English word-stress patterns (see Darcy et al. [2011] for supporting evidence), they might use it in the present task. Another possibility is that some of our Korean speakers have been exposed to a pitch-accent dialect in Southern Korea (Kyungsang and possibly Cholla). To start answering this question, in Experiment 2, we tested a group of Korean listeners who do not know English and whose exposure to a pitch-accent dialect is strictly controlled (i.e., Seoul dialect speakers).
Regarding the second question examining the 10 possible tonal comparisons, we observe that the overall hierarchical pattern statistically holds across most tonal comparisons as well, as shown by the absence of a significant interaction between Language and Subcondition. However, it seems the case that some comparisons are more difficult than others (as shown by the main effect of Subcondition on accuracy and RTs). In particular, we note (see Figure 5a ) that the Low-Mid and High-Rising comparisons trigger lower accuracy rates for the non-native listeners. On the Low-Mid comparison, all groups, except for the Mandarin speakers, performed at chance. This performance is in line with previous findings (Wayland and Guion 2004) , and may reflect the difficulty of gauging the difference in pitch height of the two tones. This effect is perhaps further compounded by the different genders of the two speakers in our study (although see Lee [2007] for contrary evidence in the case of Mandarin L1 perception). Similarly, the confusion between the high and rising tones may be attributed to the phonetic similarity of the two pitch patterns (see Figure 1 ) despite their difference in phonological descriptions (i.e., 'level' vs. 'contour'). As well, the fact that our stimuli were spoken by speakers of different genders is expected to make this pitch height comparison more difficult. Hence, the difference in pitch height only between two tones with similar pitch contours appears to cause perceptual confusion among listeners. While this also suggests that the tonal comparisons involving direction seem to be easier to discriminate, this result should be interpreted with caution because the number of comparisons involving direction is lower (only Falling-Rising and perhaps High-Falling) compared to the mixed or height comparisons. As discussed in Bohn (1995) , fewer levels of contrasts can yield higher accuracy, requiring this issue to be reexamined.
Experiment 2
A reanalysis of the Korean data from Experiment 1 (Schaefer and Darcy 2014) examined performance as a function of dialectal exposure. The data suggest that D1 (first dialect) Korean speakers of the Kyungsang dialect (which uses pitch accent; Kim and de Jong 2007; Kim 2011) perform at comparable levels to L1 speakers of Japanese. We concluded that this effect most likely was due to the presence of lexically contrastive pitch accent in the D1/L1. Hence, the inclusion of three Kyungsang speakers and one Cholla speaker in Experiment 1 appears to have skewed the data of the L1 Koreans speakers as a group, and boosted the group's performance to a level comparable to the L1 English speaker group. After removing the Kyungsang Korean speakers, the remaining Seoul Korean speakers performed at the accuracy levels we had originally predicted, that is, less accurately than the L1 speakers of English. To bolster the claim that the lack of lexically contrastive pitch accent in standard (Seoul) Korean reduces accuracy in our Thai tonal discrimination task, the second experiment tested a new group of Korean speakers who speak the Seoul dialect as their D1.
Experiment 2: Method
Participants
Ten monolingual participants (females = 6) were recruited and tested in Seoul, Korea, to ensure that Kyungsang Korean speakers were not present among the pool of Korean speakers and to minimize the effect of English exposure. All participants self-reported that they were native speakers of the Seoul dialect. Average ages for this group of Koreans ranged from 26-41 (M = 30.4 years). The participants were not involved in language studies or linguistics, but a variety of occupations.
Stimuli
The stimuli remain the same as reported in Experiment 1.
Conditions
The conditions remain the same as reported in Experiment 1.
Procedure
The procedure remained the same as reported in Experiment 1. The participants, however, were tested in Seoul, Korea, in similar conditions.
Results
For the analysis of the group of Seoul Korean participants, a linear mixed-effects model was conducted in SPSS 22 on the binary accuracy and continuous reaction times data. Condition (test, control) was declared as a fixed effect. Subjects and Items were entered as random effects in the model. There was a main effect of Condition on accuracy (F(1, 90) = 16.5, p < 0.001), indicating that performance on the test condition (M = 59.9% correct) was less accurate than on the control condition (M = 77.1% correct). Similarly, there was a marginal effect of Condition on RTs (F(1, 535.2) = 3.98, p = 0.05): RT on the test condition tended to be slower (M = 1294 ms) than on the control condition (M = 1247 ms). The parameter estimates are presented in Tables 6 and 7 .
To compare the results of the Seoul Korean participants to the other four non-native groups, a linear mixed-effects model was conducted in SPSS 22 on the binary accuracy and continuous reaction times data. Condition (test, control) and Language (Mandarin, Japanese, English, Korean, Seoul Korean) were declared as fixed effects. Subjects and Items were entered as random effects in the model. When looking at the Type III tests of fixed effects for accuracy, the F-tests showed no main effect of Condition (F(1, 90.0) = 2.7, p > 0.1), a significant effect of Language (F(4, 46.1) = 5.82, p < 0.002), and a significant interaction between the two factors (F(4, 4537.1) = 21.0, p < 0.001). In other words, the exact same pattern of results was obtained with this new group added to the analysis. When looking at the Type III tests of fixed effects for the RT analysis, again, the exact same pattern of results as in the previous analysis emerges: the F-tests showed a main effect of Condition (F(1, 85.9) = 16.3, p < 0.001), no significant effect of Language (F(4, 46.0) = 1.6, p > 0.1), and a significant interaction between the two factors (F(4, 3256.7) = 6.4, p < 0.001). Scores for this group on the 10 tonal comparisons are presented in Figures 5a and 5b but are not discussed further here.
To more clearly show the effect of exposure to pitch accent in the two groups of Korean participants, we reassigned the participants of the first Korean group according to whether they had exposure to pitch accent in their native dialect. The six who did not were grouped with the new Seoul Korean participants (N = 16), and the four pitch-accent Korean speakers were in a separate group. Figure 6 displays the respective accuracy scores for these two Korean groups (white and dotted bars), in comparison to the other non-native groups. It becomes clear that the non-pitch-accent Korean participants in this reanalysis now corroborate our originally predicted hierarchy of performance. Interestingly, the four Korean speakers with exposure to pitch accent perform at the same level as the Japanese speakers. A linear mixed-effects model on the accuracy scores declared Condition (test, control) and Language (Thai, Mandarin, Japanese, English, Kyungsang Korean/pitch-accent, Seoul Korean/no pitch-accent) as fixed effects. Subjects and Items were entered as random effects in the model. The Type III tests of fixed effects for accuracy were identical to the above analysis: there was no main effect of Condition (F(1, 98.7) < 1), a significant effect of Language (F(5, 47.0) = 9.8, p < 0.001), and a significant interaction between the two factors (F(5, 4718.1) = 20.6, p < 0.001). Post-hoc pairwise comparisons also indicate that the Seoul Korean group was significantly less accurate than the English group on the test condition ( p = 0.041). This group was also significantly less accurate than all other groups (all p < 0.001) on the test condition -but not on the control condition.
In sum, Experiment 2 clearly demonstrates that the reason for the equal performance of the Korean and English groups in Experiment 1 was not due to the English speakers performing less accurately than expected, but indeed to the Koreans performing more accurately. We determined that the presence of speakers of the Kyungsang pitch-accent Korean dialect in our original Korean group was the determining factor in the equal performance between the L1 Korean and L1 English group. Therefore, our originally predicted hierarchy of performance based on pitch functionality in L1 is further supported.
General discussion
The current study derived specific predictions for the naïve perception of tone based on the functional salience of pitch in the L1 (cf. Feature Hypothesis; McAllister et al. 2002) . Taken together, the results of Experiments 1 and 2 suggest that the functionality of linguistic pitch to signal lexical contrast in the L1 shapes the perception of non-native pitch in a gradient fashion. Our study established a baseline for tone perception focusing on the functional use of linguistic pitch in four language types. We propose the Functional Pitch Hypothesis to model our data. Accordingly, the degree to which pitch differentiates lexical items in the L1 shapes the naïve (= non-learner) perception of a non-native lexically contrastive pitch system, as in this case, of a non-native tone system. Within this framework, the definition of pitch functionality in the L1 takes into consideration the prosodic domain of pitch contrasts. More specifically, functionality is not determined only by whether or not a language makes lexical use of pitch, in an all or none fashion. It is rather constrained by the functional prosodic domain (e.g., syllable, foot, prosodic word, phonological phrase) where pitch variations are realized. Indeed, our findings suggest that the specific prosodic domain in which pitch differentiates lexical items also constrains performance: sensitivity to pitch variations is highest where the functional domains overlap (Mandarin and Thai), and is greatly reduced where functional domains do not align (Japanese and Korean). For instance, Mandarin uses pitch to signal lexical contrast at the syllable/word domain, which is also the case in Thai, whereas in Japanese, the prosodic domain of pitch contrasts is rather the prosodic word. When domains do not overlap, it appears more difficult to map L1-pitch usage to the non-native pitch contrasts. In the case of English, pitch variation is an unreliable correlate of word-level stress and, as such, appears not to aid in tone perception. On the other hand, pitch variation plays an important role in the phrase-level intonational system of English, raising the question of whether intonational categories which typically require a phrasal domain can be mapped or associated with tonal contrasts in a smaller prosodic domain such as the syllable. Our findings suggest that, regardless of the fact that all languages use F 0 variations in intonation at larger size domains, applying this sensitivity to F 0 variations from a larger domain to a smaller, syllable-sized domain appears not to be easy. This claim makes interesting testable predictions for second language acquisition of tonal contrasts.
Three additional properties should also be taken into account when defining pitch functionality: (1) exclusivity to signal lexical contrast, (2) functional load, and (3) inventory of pitch patterns. Exclusivity refers to whether lexicallycontrastive pitch is used by itself and not in combination with other phonetic parameters to differentiate words in the L1. For example, in Japanese this appears to be the case, while word stress in English includes the other correlates of vowel length, spectral quality, and intensity in addition to pitch. Functional load refers to the extent and/or number of minimal pairs differentiated in the L1. That is, tone languages such as Mandarin require pitch to distinguish a far larger number of lexical items in comparison to pitch-accent and word stress languages. Finally, inventory of pitch patterns refers to the number and type of patterns possible. For example, Mandarin has four tones, one level and three contour tones, while Thai has five tones, three level and two contour tones, implying a possible bias toward pitch height and/or direction, which may be constrained by the phonetic characteristics of specific tones. Similarly, differences exist within phonological tone types, i.e., the high tones in Thai and Mandarin vary phonetically (Chang et al. 2008) .
In addition to these points of consideration, we also define L1 in the narrow sense where one's dialect (e.g., pitch-accented Kyungsang Korean dialect, nonpitch-accented Fukushima Japanese dialect) also impacts pitch functionality in a listener's L1 phonological system (cf. Weinreich 1953; Pallier et al. 1997; Otake and Cutler 1999 ).
The present results can be useful for investigations of tone acquisition in a second language. In a way similar to theoretical models developed for segmental contrasts such as PAM (Best 1995) and SLM (Flege 1995) , which predict acquisition difficulties based on initial perceptual confusions between segmental categories, our data allow generating predictions using similar mechanisms. For example, we posit that within the Functional Pitch Hypothesis, tone-to-tone mapping may be applied where there is domain overlap, and where pitch categories are robust, as seems to be the case for L1 tone-language speakers. In this case, a model like PAM-L2 (Best and Tyler 2007 ) might be applied to make straightforward predictions for cross-linguistic tone-to-tone perception, although such an approach needs to be more clearly elaborated upon and subsequently tested. Current approaches are examining this possibility (Hao 2012; or So and Best 2010) . However, for non-tonal language speakers, the question remains as to the extent to which lexically contrastive pitch categories can be defined (e.g., Stagray and Downs 1993) . A case for the existence of lexically contrastive pitch categories could be made for pitch-accent languages such as Swedish or Japanese, as such languages are defined as a subclass of tone languages (Yip 2002: 2) and therefore allow the application of a tone-to-tone mapping approach as well.
To conclude, this study was conducted to further our understanding of cross-linguistic perception of tonal contrasts and expand current models of L2 phonology by advancing the Functional Pitch Hypothesis as a first step in defining naïve perception of lexically contrastive pitch and a baseline for L2 tone acquisition.
Appendix A: Syllables used for the test comparisons
Thai target syllables for the five tones, including gloss for real words. Gray shading indicates that the combination produces a nonword. Lexical function of pitch 521 
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